As the optics/photonics industry continues to grow, the demand for workers is assumed to increase proportionally. Empirical data seem to support this assumption. This increase presents a challenge to optics/photonics educators, since they control and assume responsibility for a key factor in the ability ofmdustry to further expand. At the same time, the U.S. government through the Department ofLabor and the Workforce Investment Act has requested that communities enact programs for displaced adults to transition to the workplace. A program of study is provided that would assist adults in making this transition from unemployment to the optics/photonics industry, with the necessary general work skills, occupational optics/photonics skills, and ability to progress on the job with academic foundations in math and science.
iNTRODUCTION
The optics/photonics industry is presumed to be growing at a rate similar to that ofthe semiconductor industry 20 years ago. The applications for the technology abound, and evidence, along with statements from employers, shows that the industry is beginning to take a new shape; where it was once characterized by research and development, that same research has produced results that allow for new kinds ofjobs within the industry workforce that are more related to production and manufacturing of photomcs systems and components.
For the workforce to meet this new and growing demand from business, additional sources ofworkers must be identified. With unemployment at a new all-time low in the United States (see figure 1), businesses have become extremely competitive in their efforts to attract and retain qualified workers. In the optics/photonics industry, attempts have been made to identify what the industry desires regarding a qualified worker. In recent years, the industry requirements for workers have evolved along with the change to a production and manufacturing environment. The new optics/photonics workforce employs the former researchers and developers of the technology as the managers of technicians, who must have the capability to fabricate/build, install, maintain, and service integrated electronics and optics systems. To perform these complex tasks, workers need a new set of skills. In 1995, the Center for Occupational Research and Development issued a set of "skill standards" developed under a grant from the U.S. Department ofEducation (now available on CORD's web site at www.cord.org). These standards began with identification by more than 300 business participants ofthe critical needs ofbusiness and industry. The project then identified in excess of 500 educational knowledge components that must be included in a curriculum of study for these technicians. The time required to impart these educational knowledge components in a coherent program of study would require a certificate or associate degree program in a community college.
It is evident that business and industry cannot wait until students exit such a program; they are hiring the few graduates prior to their program completion. In addition, the community colleges cannot locate enough students to fill their programs due to increased need for workers in other programs of study that currently provide salaries and career opportunities that well exceed those ofthe optics/photonics industry. This potential shortfall ofneeded workers has the capability of stifling the industry's growth. Another source ofworkers must be identified that satisfies the industry demand soon. While this requirement means developing a program that shortcuts the associate degree, it does not mean that the associate degree is not valuable and does not mean that the people who participate in such a shortcut program should not be prepared to enter an associate degree pathway.
Displaced workers are defmed as persons aged 20 years and older who have lost or left jobs because their plants or companies have closed or moved, there was insufficient work for them to do, or their positions or shifts have been abolished. In 1998, there were over 2.8 million displaced workers in the United States between the ages of25 and 54. This supply of workers begs the questions: "What levels ofjob readiness do these workers possess toward a program that would enable them to participate in the optics/photonics workforce?" and "Would a program that prepares such workers be of benefit?" Such a program does exist in a basic form, yet the industry and educators are unaware of its existence and ability to solve the present optics/photonics labor shortfall since it has not been reconfigured to produce workers with at least some of the necessary skills identified in the 1995 standard. This program, entitled Transformations 2000, is applicable to most adults who are experienced workers, have basic math and reading skills (up to an 8th grade level), and have interest in technology. With the new STEP curriculum, T2000 can provide specific technical photonics training on a foundation oftechnical basics and applied academic skills within 18 weeks.
Incentives for such a Transformations program now exist under the Workforce Investment Act of 1998. The act consolidates more than 60 employment, training, and literacy programs under a $4 billion program designed to serve adults, displaced workers, and youth. Adults and displaced workers will receive Individual Training Accounts that empower them to choose the training they deem best for their career purposes. The act requires local management of funding through workforce development boards that will replace the current private industry councils. A board is required to establish a "one-stop shop" that provides a single access point for all employment-related and training services. Delivery of Transformations by community colleges is perceived to be an enormous opportunity for the optics/photonics workforce since a training provider that is a postsecondary education institution certified under the Higher Education Act and that provides a program leading to a two-or four-year degree or certificate, or that is an entity that carries out an apprenticeship program registered under the National Apprenticeship Act, is automatically eligible to receive funds ifit files an appropriate application with the local board. In other words, postsecondary institutions that already have capabilities in optics/photonics can establish eligible programs that will prepare displaced workers to enter the workforce. The Transformations program is already an established method for producing such workers over a shortened time span, yet it allows students to transfer some credit toward an associate degree.
TRANSFORMATIONS 2000
The first implementation ofTransformations took place in 1986 in Copperhill, Tennessee. That was the year that Tennessee Chemical Company (TCC) announced it would close its copper mines in 1987. This meant the mine workers faced probable unemployment in twelve to fifteen months. CORD designed a program that permitted over 90 percent ofthe workers enrolled in the program to fmd employment in high technology industries, earning between six and seventeen dollars per hour.
Over the past 13 years, Transfonnations has been implemented many times in various countries and industries with displaced workers in a redesigned format. The Transformations 2000 program now contains the same three phases contained in the original. The first phase is a pretech phase, lasting 8 weeks with 240 hours of instruction in basic skills for technical employment. The second phase is the technical core, lasting 6 weeks and containing 180 hours of instruction that develops student knowledge and skills for a variety of occupations. The third phase is the technical specialty phase, where students develop specialized skills by focusing on a specific technology area. It is proposed that, with use ofthe materials being developed by the STEP program, that photonics comprise the majority ofthe instruction in the technical specialty phase. This final phase lasts 4 weeks and involves 140 hours of instruction.
Pretech
The first phase pro4des workers some of the bac skills needed in technical empbyment. Pretech indudes refresher courses in math and communicallon, an introduction to the use of computers and networking, a basic understanding of drawings commonly used in technical fields, fundamental knowledge and skills in woildng with mechanical devices, fluid power systems, and a background in physicsmechanical, fluid, electrical, and thermal-that is needed and applied by technicians. 
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Program Content
The Transformations program shown in figure 2 outlines the program content, which progresses smoothly from basic concept to specific applications. It is convenient to view this curriculum in the three major phases shown. The content of the pretechnical and technical core courses is as follows:
1 . Introduction to Computers and Networking introduces students to basic keyboarding operation and operating system navigation. Students learn elementary skills for software operation and server connectivity such as web searching and email. The course prepares students for integrated computer work throughout the remainder of the program.
2. Workplace Communication helps students develop improved reading, writing, listening, speaking, problem-solving, visual, and nonverbal skills.
3. AppliedMathematics relates math and technology topics to specific applications, many ofwhich can be demonstrated or experienced by students through tangible exercises.
4. Graphicsfor Technicians teaches students how to develop and interpret technical sketches and covers the use of lme types, multiview drawings, dimensioning, and tolerance practices. The course also includes an introduction to computeraided drafting and its applications.
5. Mechanical Devices andFluid Systems familiarizes students with different types of drive mechanisms such as belts, chains, and gears, and types of actuators such as mechanical linkages and cams. The fluid portion of the course covers common hydraulic and pneumatic systems, pumps, control valves, flow regulators, cylinders, and motors.
6. Principles ofTechnology shows relationships between concepts in mechanical, fluid, electrical, and thermal energy systems that are commonly encountered in industrial environments. In this applied form, concepts ofphysics are taught to students who otherwise might have difficulty understanding them.
7. Electricity/Electronics covers the concepts ofvoltage, current, resistance, Ohm's law, series and parallel circuits, capacitance, and inductance, and the basic operation of solid-state devices. Hands-on labs include instruction in the use of volt-ohm-milliamp meters, oscilloscopes, signal generators, and other equipment. AC and DC circuits are assembled and tested.
8. Vacuum Technology covers behavior of gases at pressures below atmospheric pressure, mechanical pumps, and subatmospheric gauges, and introduces basic principles of diffusion, turbomolecular, cryogenic, and getter/sputter-ion pumps as well as applications in the technology with leak detection, thin-film deposition, and plasma etching.
9. Foundations ofQuality is an inspection methods course. Hands-on labs provide practice in the use ofall common inspection instruments used in optics fabrication facilities. Statistical-process control techniques are presented and applied to workplace examples.
The optics/photonics technical specialty is combined with general workplace readiness skills training to prepare workers with the skills needed to work in the optics/photonics industry and also prepare them with the necessary skills to work in anyjob based on the work ofthe Secretary's Commission on Achieving Necessary Skills (SCANS), ofthe Department of Labor.
The optics and photonics materials are being developed under a National Science Foundation project by the University of Connecticut in partnership with CORD. The NSF's Advanced Technological Education initiative provided funding for the first course in a series of 8 that are intended to prepare students in an associate degree program of study. The first course, Introduction to Photonics, contains 10 modules as follows:
1. Nature and Properties of Light (authored by Dr. Linda Vandergriff, SAIC) covers oscillating electric and magnetic fields, wavelength, frequency, velocity of light, the electromagnetic spectrum, blackbody radiation, and particle, ray, and wave concepts. 10. Basic Principles andApplications ofHolography (authored by Dr. T. Jeong, Lake Forest College) teaches transmission holograms, reflection holograms, holographic interferometry, computer-generated holograms, two-source interference, redundancy, dynamic range, noise, beam ratio, multiple scenes, white-light reflection holograms, contouring, thin holograms, and the equipment and facilities necessary to make holograms.
The final course in the program covers workplace readiness skills and addresses SCANs competencies. The course is designed to produce workers with thinking skills who can work with information, work within their resources, ask for help, be accountable for their work, and understand the nature ofbusiness from a communication and customer perspective that encourages listening and networking. The course covers interviewing/job-seeking skills, dealing with conflict, team building, presenting information, negotiation skills, meetings, and speaking in public.
Curriculum Currency
The technical specialty area of photomcs is subject to problems of currency due to changes in the field with new and emerging technologies. To maintain currency of the materials, the entire STEP curriculum will be subjected to a "curriculum morphing" process. Curriculum morphing is a process that allows educators and business and industry participants to suggest technical changes to the curriculum with a structured review of the changes by the authors ofthe individual modules. All of this happens electronically, and is being tested on CORD's series oflaser/electro-optics technology materials.
To view the materials being morphed and to access the new STEP materials this coming October, go to www.cord.org and follow the link to Curriculum Morphing. There, you will find several links and will be able to view the curriculum materials in their entirety. In addition, you will see the morphed changes that have occurred to date. As ofthe time of this writing, over 300 suggestions have been verified as necessary for changes to the materials from educators and industry participants in the field. As an additional benefit, the project curriculum materials on the web contain hyperlinks to instructional strategies that different instructors in the field use as a part of their everyday classroom and laboratory experiences.
In this way, the Transformations 2000 program in photonics will continually add to the currency ofthe materials, since more users will be working with the curriculum. The more users who participate, the higher the likelihood of suggestions for changes, and the more up-to-date the materials will be.
Program Organization and Delivery
The Transformations 2000 program content is designed to provide participants with essential information that is useful in a variety of employment situations. However, the manner in which the program is operated and delivered to the students shares equal importance with the content. The success of the Transformations 2000 curriculum with people who performed poorly in their previous educational experiences seems to indicate that attention to factors beyond content enhances the program's effectiveness significantly.
In 1989, the Transformations curriculum was pilot tested at Loram County Community College, Dayton, Ohio, with four groups of 25 people. Most ofthe participants in these pilot programs had a high incidence of negative educational experience from the past. Most had been average or below-average performers in traditional classrooms and consequently had developed expectations of failure. In the Transformations programs, however, these people had an overall retention rate of 85 percent. Placement approached 100 percent.
The Transformations program is designed to address the needs ofparticipants in ways that maximize effectiveness and enhance their ability to apply the content in ajob setting. Program characteristics addressing this goal include:
lack of these skills is one of the great weaknesses of the American workforce. In fact, many of the skills and abilities valued in traditional educational settings do not appear to coincide with those skills valued by employers.2
Cooperative or team learning can be effective even when the participants do not understand the material at the beginning ofthe process. In fact, learning that results fromjoint discovery ofnew information may be far more effective than learning acquired through conventional means. In addition, most older workers have areas of expertise of which they are not fully aware. Being able to share that information increases their confidence and sense of self-worth. For this reason, efforts were made in the pilot programs to provide opportunities for each participant to share personal knowledge or experience with others in the group.
4. Encouragement ofcooperation rather than competition. Traditional educational experiences tend to be individualistic (don't help or ask for help from your neighbor) or even competitive (grading on the curve). Too often the focus is on sorting students into successful or failing categories. Cooperative learning methods, on the other hand, facilitate individual participation and accountability while helping participants develop the ability to work together. Concepts of cooperative learning have been explored in depth by Johnson and Johnson, and the skills and awareness required of instructors and students have been defmed.3
5 . Allowancefor differences in learning styles and rates. An environment of mutual support among the participants in the pilot program was strongly encouraged, and a goal of success for all participants was established early and reinforced on a regular basis. As students encountered difficulty or began to fall behind, others in the group were enlisted to encourage and assist them. Extra assistance or tutoring was available on short notice to all participants and was represented as a normal and natural part of the process for everyone. The concept of failure or inadequate performance was shunned both overtly and covertly, and grades were not used. The focus was on assisting everyone to move toward reasonable goals, with little issue made ofvariations in the time or effort required to achieve these goals.
6. Consideration ofpersonal issues affecting students. The pilot programs focused considerable attention on the emotional and interpersonal needs ofthe students. Whenever it appeared that anger or frustration was beginning to affect students, interactive focus and ventilation groups were used to provide for processing and diffusing tensions. Not only was individual counseling assistance readily available, but personal and family problems were also recognized as affecting the educational experience and were addressed openly.
The extensive involvement of group interaction (seven hours a day for a period of eighteen weeks) resulted in many friendships and other forms ofmutual support among the students. When they were provided with the opportunities for conflict resolution and stress relief, the groups developed a strong rapport and high degree ofmutual support. Unlike traditional classrooms, where students may feel alone and in competition with others in the class, members of these groups built a network of support to assist one another in the program.
A side benefit ofthe overall approach taken by the Transformations 2000 program was improved communication skills for the students. Communication is a difficult area to teach and to learn, since it involves higher-order thinking and analytical skills. But cooperative learning, focus groups, and interchange ofpersonal knowledge all involve practice in effective communication. Therefore, the participants were provided opportunities to practice communication in meaningful ways that could be reinforced by celebrating and rewarding individual contributions.
TIlE WORKFORCE INVESTMENT ACT
The Workforce Investment Act of 1998 has one important aspect as its focus -meeting the needs ofbusinesses for skilled workers and the training, education, and employment needs of individuals. Key components of the act will enable customers to easily access the information and services they need through the "one-stop" system, empower adults to obtain the training they fmd most appropriate through individual training accounts, and ensure that all state and local programs meet customer 2 E. Baron, Skills Employers Need-Time to Measure Them? (Princeton, NJ: Policy Infonnation Center, Educational Testing Center, 1990 The Workforce Investment Act authorizes three funding streams: adults, displaced workers, and youth. Eighty-five percent of adult and youth funds will be allocated to local areas; the remainder will be reserved for statewide activities. For youth, funds appropriated in excess of $1 billion (up to $250 million) will be used by the U.S. Department ofLabor to fund Youth Opportunity grants. For displaced workers, 20 percent will reserved by the Secretary of Labor for national emergency grants, displaced worker demonstration efforts, and technical assistance. Ofthe remaining 80 percent, 60 percent will be allocated to local areas. This 60 percent is the amount of funding being distributed that would support a Transformations 2000 program for a local area, provided that the technical expertise is in place and business and industry indicate a need for such a program.
It is likely that the Workforce Investment Act could provide local funding distributed by the local workforce investment board to support such a program at no cost to employers. In addition, a training provider that is a postsecondary education institution certified under the Higher Education Act and provides a program leading to a two-or four-year degree or certificate, or that is an entity that carries out an apprenticeship program registered under the National Apprenticeship Act, is automatically eligible to receive funds if it files an appropriate application with the local board. This eligibility requirement could open the door for many colleges and universities to satisfy the perceived need for technicians, and, at the same time, displaced workers would have the opportunity to earn a good wage in a growing industry with real career possibilities-A real win/win for the local economy, educational institutions, employers and employees-not to mention the satisfaction on the part of the government for providing a legislated program that meets the needs of so many.
The Department ofLabor authorized nine states to begin implementing their state Title I Workforce Investment Act and Wagner-Peyser Act plans on July 1, 1999. Letters containing guidance on how states could move forward were sent to the nine states on June 30, giving them the green light to transition to the Workforce Investment Act (WIA), consistent with the time lines set forth in their plans. The nine states include: Vermont, New Jersey, Kentucky, Florida, Wisconsin, Indiana, Texas, Louisiana and Utah. The remaining states will begin service delivery on July 1, 2000.
SUMMARY
In the preparation ofnew or dislocated workers, it is important to remember that the subjects are not inanimate objects, but rather members of the human race with the same wants, needs, and desires as anyone else. For this reason and others of a more pragmatic and economical nature, it makes sense to consider the structure ofprograms such as Transformations 2000 with an educational focus-a focus on preparing workers with solid foundations in academics that will permit them to pursue careers simply because they have the ability to think and understand the complex processes that occur every day on the job. The face ofadult training and workforce education prior to 1985 is pictured on the left side offigure 4. In retrospect, the approach was simply for satisfaction of short-term needs, primarily because the short-term problems could be solved very quickly. However, with intensive work over 18 weeks, the Transformations 2000 program has demonstrated that it is possible to provide solid academic foundations-foundations that have permitted many students to pursue postsecondary degrees with success. These are the workers who are capable of solving real problems in the optics/photonics workforce. 
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